Abstract Increased computer capacity has made it possible to model the global plasma and neutral dynamics near Venus, Mars and Saturn's moon Titan. The plasma interactions at Venus, Mars, and Titan are similar because each possess a substantial atmosphere but lacks a global internally generated magnetic field. In this article three self-consistent plasma models are described: the magnetohydrodynamic (MHD) model, the hybrid model and the fully kinetic plasma model. Reprinted from the journal E. Kallio et al.
Introduction
Numerical simulations are commonly used to study ionized and neutral particles near Venus, Mars and Titan (VMT) because they provide a simple description of plasma phenomena and cover a wide range of temporal and spatial scales. Simulating all of the physical processes that take place in the Solar System with a single model is currently not possible. For this reason, several types of models have been developed. Each model includes approximations depending on the physical phenomena being studied. These approximations must be understood in order to interpret simulation results correctly.
In this paper we first describe three self-consistent plasma models that have been used to model the plasma and neutral dynamics in the atmospheres of VMT: (1) the magnetohydrodynamic (MHD) model, (2) the hybrid model, and (3) the fully kinetic model. MHD models simulate the dynamics of both the ions and electrons as fluids, hybrid models simulate the dynamics of ion particles and electron fluids, and fully kinetic models simulate the dynamics of ions and electrons as individual particles. Each model is used to study the plasma interaction at a different spatial and temporal scale. Roughly speaking, MHD models are used to study relatively slow, large-scale fluid processes while fully kinetic models are employed to study fast, small-scale particle processes, with hybrid models falling in between fully kinetic and MHD methods. Results are presented to demonstrate the basic phenomena simulated by each type of model. It is important to note that numerical simulations are run in discrete space and time. Therefore, a model cannot include the effects of physical processes that are not resolved spatially or temporally by the simulation, even when the processes are explicitly expressed in the model. Therefore, the spatial and temporal scales of relevant physical processes, such as the inertial lengths, gyroradius, and plasma frequencies must be considered in relation to the grid size and time step of the model.
Self-consistent Plasma Modeling Methods
In this section, we introduce MHD and hybrid models, which are three-dimensional (3D) numerical methods frequently used to analyze the plasma interactions near VMT. We also introduce fully kinetic models, which simulate positively charged ions and electrons as particles. Although, fully kinetic models have not been used to simulate the global interaction near VMT, they are introduced for theoretical completeness. Another model not discussed in depth but may be of interest to the reader is the Vlasov model. In this model each species, s, is described by a velocity distribution function f s (x,v, t) . Interested readers can find descriptions of the Vlasov model and its usage in planetary atmospheres/ionospheres (e.g. Schunk and Nagy 2009) as well as recent reviews of MHD and hybrid modeling approaches (Ma et al. 2008; Ledvina et al. 2008 ) from the literature.
